Background and objectives Advance care planning, including code/resuscitation status discussion, is an essential part of the medical care of patients with CKD. There is little information on the outcomes of cardiopulmonary resuscitation in these patients. We aimed to measure cardiopulmonary resuscitation outcomes in these patients.
Introduction
Advance care planning is an integral part of medical care in patients with CKD (1). Patient's current quality of life, personal values and goals, likelihood of cardiopulmonary resuscitation (CPR) success, and post-CPR prognosis are the main factors influencing discussions about resuscitation status (2, 3) . Because explicit communication influences Do Not Resuscitate orders, it is imperative for physicians to understand these variables when discussing advance care planning-related decisions with their patients (4) . There are no large-scale contemporary data on CPR outcomes in patients with CKD to guide informed decision making about CPR in this population.
CKD is a reported risk factor for poor survival after CPR (5) . However, these data come from relatively old and small-scale studies. In a study from 1983, elevated serum creatinine was associated with poor CPR-related outcomes (5) . However, a meta-analysis from 1998 examining 9838 patients showed no association of elevated creatinine with immediate survival after in-hospital CPR (6) . There was a lower likelihood of survival to hospital discharge in patients with creatinine .1.5 mg/d who had immediate survival after CPR. The duration of elevated creatinine is unclear from these data. This meta-analysis was performed on older studies that do not reflect current, improved CPR outcomes with in-hospital cardiopulmonary arrest. Moreover, we lack information regarding CPR success rates in older patients with CKD. During recent years, several studies have validated the conservative or no dialysis option approach as an acceptable choice of CKD management in older patients (7) . Advance care planning is an even more important aspect of CKD care in these patients, but studies analyzing the CPR success rate in older patients with CKD are scarce.
Because of the paucity of data on CPR outcomes in patients with CKD, larger studies devoid of singlecenter institutional biases that reflect the current standards of CPR practices are needed to determine if CKD influences CPR outcomes of in-hospital cardiopulmonary arrest. Our study fills this literature gap by examining a large nationally representative dataset from 2005 to 2011. We compare the following CPR-related outcomes in patients with CKD with those of the general population: (1) survival to hospital discharge, (2) discharge destination, and (3) length of hospital stay. We also analyze post-CPR mortality and discharge destination of a subset of patients with CKD who are $75 years old.
Materials and Methods
Our analysis is on the basis of data files from the Nationwide Inpatient Sample (NIS) from 2005 to 2011. A comprehensive synopsis on the NIS data is available at http://www.hcup-us.ahrq.gov. The Cleveland Clinic Institutional Review Board (IRB) Committee awarded this study an IRB-exempt status.
The International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) primary or secondary procedure codes 99.60 were used to identify the adult patients ($18 years old) who underwent CPR. Patients with cardiopulmonary arrest (427.50) as a primary diagnosis were excluded to avoid including those who had experienced an out of hospital event in our analyses (8) . ICD-9-CM primary or secondary diagnosis codes were also used to identify patients with CKD stages 3 (585.3), 4 (585.4), and 5 (585.5). We excluded all patients with ESRD (585.6) or renal transplant (996.81 and V42.0). Patients who had cardiopulmonary arrest were divided into two groups: with CKD and without CKD. Study variables included patient age, sex, race/ethnicity, and comorbidities obtained from the Agency for Healthcare Research and Quality comorbidity data files, including hypertension, diabetes mellitus, congestive heart failure, chronic lung disease, iron deficiency anemia, valvular heart disease, peripheral vascular disease, fluid and electrolyte disorder, liver disease, obesity, solid tumor without metastasis, metastatic cancer, alcohol abuse, and coagulopathy. ICD-9-CM secondary diagnosis codes were used to identify patients with atrial fibrillation (427.3), hyperkalemia (276.6), nicotine dependence (305.1), malnutrition (260.0 and 263.9), and dyslipidemia (272.0). The Charlson comorbidity index was used to identify the burden of comorbid conditions (9) . This index uses 17 comorbid conditions with differential weighting, and total scores range from zero to 33. Higher scores represent a greater comorbidity burden (9) . Additionally, patients were further categorized on the basis of insurance status into Medicare/Medicaid, private/health maintenance organization, or no insurance.
ICD-9-CM secondary diagnosis codes were used to identify those with common hospitalization-associated complications, such as myocardial ischemia (410. Hospitals were categorized by their geographic region in the United States as northeast, Midwest, west, and south. Teaching hospitals had an American Medical Associationapproved residency program, were a member of the Council of Teaching Hospitals, or had a ratio of full-time-equivalent interns and residents to patients of 0.25 or higher. The hospitals were further characterized into small, medium, and large on the basis of available hospital beds. Additional details about this categorization can be found at http://www. hcup-us.ahrq.gov. CPR success has been defined as survival at the time of discharge. We categorized discharge status into home/self-care, nursing facility (includes skilled nursing home, intermediate care facility, hospice, inpatient rehabilitation facility, long-term care hospital, and transfer to another institution that is not specified), unknown, and inhospital mortality.
The SAS 9.1 software (SAS Institute Inc., Cary, NC) was used to convert the NIS database data into weighted counts to generate national estimates following the Healthcare Cost and Utilization Project recommendations. Univariate analyses, chi-squared test for categorical variables and t test for continuous variables, were performed to identify differences in study variables and end points between patients with or without CKD. With this information, we formulated two logistic regression models. Model 1 included all patients, and logistic regression analysis was used to identify the association between CKD and odds of in-hospital mortality. Model 2 included patients who were discharged alive, and logistic regression analysis was used to identify the association between CKD and odds of discharge to a nursing facility. The logistic regression model was adjusted for age (as a continuous variable), sex (as a categorical variable), and confounding factors (as categorical variables). We defined confounding factors as all of the factors, including Charlson comorbidity index, that were significant in univariate analysis on the basis of a type 1 error of 0.05. Logistic regression analysis was used to identify the association between CKD and odds of discharge to nursing facility and in-hospital mortality. The logistic regression model was adjusted in a similar fashion as mentioned above. Similar methodology was used for the multivariate analysis for the length of stay.
Two subanalyses comparing CPR-related outcomes between patients with CKD ,75 versus $75 years old and patients with CKD $75 years old versus patients without CKD $75 years old were performed. Unadjusted mortality is reported in Results. By using the methodology as Charlson comorbidity index, insurance status, complications, and procedures that were significantly different in both the groups.
described above, we also created a logistic regression model to look at the CPR-related outcomes (in-hospital mortality and odds of discharge to a nursing home) in $75-year-old patients with CKD. A subanalysis to analyze the outcomes of patients with CKD admitted to the intensive care unit (ICU) was also performed by the methods described above.
Results
From the years 2005 to 2011, 71,961 patients with CKD received in-hospital CPR compared with 323,620 patients from the general population. Patients' demographics and comorbid conditions are listed in Table 1 . Missing data elements are not shown in the results and tables; thus, totals may not be equivalent. Patients with CKD were older, had a higher percentage of black race, were less likely to have private health maintenance organization or no insurance, and were more likely to have Medicaid/ Medicare. The general population group had greater rates of dyslipidemia, solid tumor with metastasis, metastatic cancer, alcohol abuse, and nicotine dependence; all other comorbid conditions were more common among patients with CKD. There was no difference in the percentage of patients with liver disease.
Some but not all in-hospital complications were more common among patients with CKD (Table 2) . Patients with CKD experienced more episodes of pneumonia, cardiogenic shock, urinary tract infection, sepsis, myocardial infarction, and deep vein thrombosis. Other complications were either not significantly different or more common in the non-CKD group. Higher proportions of patients with CKD were intubated (69% versus 63.1%; P#0.001) and received blood transfusions (23% versus 19%; P#0.001). Fewer patients with CKD underwent procedures, such as cardiac catheterization (8% versus 10%; P#0.001), coronary angioplasty (3% versus 5%; P#0.001), and coronary artery bypass grafting (1% versus 2%; P#0.02). The dataset illustrates that these procedures were performed during the same hospitalization; it cannot be determined if these procedures were performed before or after CPR.
In univariate and multivariate analyses (Tables 2 and  3 ), a higher in-hospital mortality was observed in patients with CKD (odds ratio, 1.24; 95% confidence interval, 1.11 to 1.34; P#0.001). On multivariate analysis, patients with and without CKD had similar odds of being discharged to skilled nursing facilities (odds ratio, 1.01; 95% confidence interval, 0.92 to 1.14; P=0.40) ( Table 3 ). There was no difference in mortality or nursing home discharge among the different stages of CKD (data not shown). We also assessed median length of hospital stay and median hospitalization charges between the CKD and non-CKD patient groups. Median total length of hospital stay was not significantly different between the groups in the univariate analysis. After adjustment of confounders (Charlson comorbidity index, insurance status, complications, and procedures that were significantly different between both groups), odds of longer length of stay were higher in the CKD group (odds ratio, 1.11; 95% confidence interval, 0.11 to 1.15; P=0.001). Median hospitalization charges in United States dollars were higher in the patients with CKD. Higher odds were observed in the subanalyses of patients in the ICU (59,597 patients) versus patients not in the ICU (12,364 patients) for in-hospital mortality and discharge to nursing facility (Table 4 ). In our cohort of patients with CKD receiving CPR, 37,421 patients were $75 years old. Their overall mortality was significantly higher than younger patients with CKD ,75 years old (77% versus 72%; P,0.001). In the univariate analysis, mortality (77.8% versus 77%; P=0.20) and nursing home discharges (14.5% versus 14.8%; P=0.50) were not different between the older patients with CKD and the older patients without CKD. However, after adjustment of confounding factors, mortality was 10% higher in the elderly patients with CKD (1.10; 95% confidence interval, 1.02 to 1.17; P,0.001) ( Table 5 ).
Discussion
We observed higher odds of mortality in patients with CKD who underwent in-hospital CPR compared with those in the general population with no documented kidney disease. Odds of post-CPR mortality were also worse in older ($75-year-old) patients with CKD.
Our study findings vary from those reported previously. In a Canadian study of 402 patients, including 296 patients with CKD undergoing CPR in a large community hospital during the years 1996, 1998, and 2000-2005, CPR success rates were 11.8% for patients with CKD stage 3, 6.3% for patients with CKD stage 4, and 0% for patients with CKD stage 5 (11) . Most of the patients in this study died within the first 24 hours after CPR, whereas 4.7% of those who did survive beyond 24 hours died in a neurovegetative state. In this study, the overall success of CPR in patients with CKD was 6.3%, which is lower than that reported in our much larger cohort. In a meta-analysis of 41 studies with 9838 patients from the United States, Canada, Europe, Australia, Israel, and Japan undergoing in-hospital CPR, intermediate survival and survival to discharge after inhospital CPR were analyzed (6) . No association between the immediate post-CPR survival and kidney disease was found. However, there was reduced survival to hospital discharge in patients with increased creatinine. Despite being a meta-analysis, this study was limited by inadequate sample size. Another study regarding the survival after in-hospital CPR also analyzed the health characteristics predicting post-CPR survival (5). Kidney disease was defined as a BUN level .50 mg/dl (18 mmol/L). It was noted that only two of the 75 patients (3%) with kidney disease survived the CPR event. In a separate analysis, serum creatinine also predicted a difference in the CPR-related outcome. In 214 patients with creatinine ,2.5 mg/dl, there were 38 survivors (18%). In contrast, in 64 patients with creatinine .2.5 mg/dl, there were only three survivors (5%). Our findings are different from those reported by others because of several factors. Our study is the largest study on this issue, minimizing factors of small sample size and institutional practices. CPR guidelines were revised in 2005 and 2010 and led to an overall improvement in CPR success rates (12, 13) . Our study sample is derived from recent years (2005-2011) and thus, represents current CPR practices.
There are several plausible mechanisms potentially contributing to the higher mortality observed in the patients with CKD. Patients with CKD have a high likelihood of cardiac disease, which may affect CPR outcomes (14) . As seen in our cohort, cardiac procedures were less commonly performed among these patients, despite the correlation between CKD and increased risk of cardiac disease. It has been repeatedly shown that interventions for cardiovascular disease may be less common in patients with CKD (15). Understanding this trend is difficult from our dataset. However, it is plausible that the fear of dialysis dependency after cardiovascular intervention might be responsible for this occurrence and may, thus, be related to higher overall mortality. Additionally, patients with CKD were older and had a high comorbidity burden. However, the high mortality in patients with CKD undergoing CPR persisted even after adjustment of age, sex, and comorbid variables, suggesting a possible association of CKD with higher mortality. Patients with CKD had more infection-related complications that portend a poor post-CPR prognosis according to the previously reported literature (16) . Although more studies on measures to improve CPR outcomes in these patients are needed, this prognostic information may be important to share with patients with CKD and their families during discussions about resuscitation. It should be noted that, although there is a slightly statistically significant higher mortality among patients with CKD, clinically, a 3% higher mortality risk may not be important. Thus, our results essentially mirror those of previous studies, showing a relatively poor survival after in-hospital resuscitation among all patients. These are the key data to be discussed with all patients during resuscitation decision-making conversations. Patients with CKD had higher mean hospital charges, most likely because of more complicated and lengthier hospital courses. Patients with CKD receiving in-hospital CPR represent a sicker patient population, adding to their higher mortality. However, these charges illustrate the total amount billed for hospital services and do not reflect the actual service costs or reimbursement. Therefore, the total amount reflects the hospital overhead costs, charity care, and bad debt among other costs. This total amount does not reflect physicians' professional fees, and mean hospital charges were not adjusted for inflation.
More in-hospital complications were noted in the CKD group. However, rates of rib fracture and pneumothorax were significantly higher in patients without CKD. This may possibly represent early termination of CPR in patients with CKD, but future studies are needed to analyze this finding more carefully.
In patients with CKD, CPR events occurred more in southern regions, nonteaching hospitals, and larger hospitals (Table 2) . Although reasons for these differences have not been elucidated, health care intensity varies by geographic area (17) . Older patients with CKD ($75 years old) had higher mortality (77% versus 75%) compared with those ,75 years old. Older patients with CKD were also more likely to be discharged to nursing homes. Older patients with CKD had higher mortality compared with older patients without CKD, but the odds of nursing home discharge were not different (Table 5 ). These are novel findings that have not been previously reported. The association between old age and CPR success rate is not very clear in the general population (18) (19) (20) . However, in our study, older patients with CKD clearly had worse outcomes compared with the older patients without CKD and their younger counterparts with CKD. This information can be useful during resuscitation status discussions with older patients with CKD. Patients in the ICU had both higher mortality and increased odds of discharge to nursing homes. This is most likely a representation of a sicker patient population, with an expected poor prognosis.
Despite the large dataset and generalizable findings, our study has several limitations. It is observational in nature and relies on administrative datasets and coding accuracy. The procedure code for CPR has variable sensitivity and specificity but has been used consistently in previous research studies. The specificity of administrative codes for CKD is around 93%, with a median of about 98%. The negative predictive values are also generally high (i.e., median of 84%). Sensitivity of CKD codes is low, with a median of 41% and a range of 3%-88% (21) . ICD-9-CM codes for CKD have a high specificity, making our data more accurate, although the prevalence of CKD may be underestimated. This low sensitivity may also result in underestimation of survival difference between the two groups. It is noteworthy that it is hard to account for all of the confounders in a large dataset-based study, despite our best attempt to adjust for them in the multivariate model. It can also be argued that, for an individual patient with CKD, although a mortality difference of 75% versus 72% provides little useful prognostic data, the poor survival may not mean much in actual clinical decision making. Future studies are needed to answer this question. At this point, it is known that patients with CKD have poor survival after receiving in-hospital CPR. It should be noted that our study only gives information about in-hospital CPR and excludes patients receiving out of hospital CPR. Although our study provides useful information regarding discharge outcomes, our dataset limits the analysis of long-term outcomes and readmission rates.
In summary, we observed slightly higher in-hospital mortality in patients with CKD undergoing in-hospital CPR. Survival after receiving in-hospital CPR is also worse in older patients with CKD ($75 years old). Our findings can be used to facilitate patient/provider dialogue regarding resuscitation status in patients with CKD. Additional studies are needed to analyze functional status, quality of life, and long-term outcomes after in-hospital CPR.
